In an attempt to gain a better understanding of temporomandibular joint (TMJ) sounds, we recorded joint sounds from 14 non-orthodontically treated dental students, analyzed the acoustic characteristics of the TMJ sounds, and correlated the sound characteristics with axiographic features, morphologic observations of X-ray images and clinical history. The group with a low peak frequency (< 500Hz) of the opening click had a shorter history of subjective joint sound, a longer distance between the opening and closing curves, and a low rate of TMJ transformation. For the closing click, the history of subjective joint sounds tended to be longer when the duration of the wave was short.
Introduction
It is generally considered that temporomandibular joint (TMJ) sounds should be a sign of stomatognathic dysfunction. Epidemiologic studies have suggested that TMJ sounds indicate irregularities and adhesions on the articular surfaces and disk displacement with reduction [1, 2] . In our previous study [3, 4] , the incidence of TMJ sound, and the relationship between the presence of sound and the prevalence of disc displacement were investigated in an attempt to find the causes of TMJ sounds. Early opening sounds may be related to irregularities at the lateral pole of the condyle owing to tension from the lateral ligament and/or stretching of the ligament. Late opening sounds may follow the slight condylar slips over the anterior ridge of the disc close to the maximum mouth opening position, and this may be associated with a decrease of synovia. In this study, we concentrated on the acoustic characteristics of TMJ sounds, and separated the signals into their spectral components. The time frequency distributions were also analyzed in order to accumulate some diagnostic information on TMJ disorders. frequency of the power spectrum were measured. Thereafter the time frequency distribution of the sound was calculated and displayed as a sonogram. Joint movements were traced by a computer-aided axiograph (SAM CADIAX). On the axiographic tracings of the hinge-axis point, maximal distances between the opening and closing curves were measured (Fig.2 ) and the bulge suspected to indicate the presence of disarrangement was investigated (Fig.3 ). Information about restricted condylar movement and the history of subjective joint sounds was obtained from an interview questionnaire. Presence of transformation of the condyle was diagnosed using X-ray images for each subject. 
